Changes in serum free amino acids as a response to ketogenic provocative test were studied in children with a history of ketosis but without hypoglycemia.
In spite of the prevalence of episodic ketosis, recent investigation of this disorder in children has focused on ketotic hypoglycemia (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Ketotic children with hypoglycemia are, however, far fewer than those without hypoglycemia. The present study must provide a clue to the elucidation of etiology of episodic ketosis without hypoglycemia.
Three hypothetical causes of ketotic hypoglycemia are: (1) Deficiency of glycogen in the liver (1, 4, 13), (2) Inadequate production of alanine by the muscles, leading to secondary failure of hepatic gluconeogenesis (2, (6) (7) (8) (9) 12) , and (3) Inadequate epinephrine production (4, 5) . Of these, the second mechanism was supported by Pagliara et al., and gained numerous advocates. The present paper aims to clarify the actual cause of episodic ketosis without hypoglycemia. We believe that the second mechanism is applied to the development of this non-hypoglycemic disorder as well as to that of ketotic hypoglycemia.
SUBJECTS AND METHODS
The subjects consisted of 17 children between 2 and 11 years of age, 9 boys and 8 girls, having a history of cyclic vomiting associated with ketosis but without hypoglycemia. Between episodes they were perfectly well and'showed no metabolic abnormalities on preliminary tests for oral glucose, glucagon or tolbutamide tolerance. The levels of fasting blood glucose, free fatty acids (FFA), and triglycerides examined during the 7 days prior to the trial were within normal ranges, while they were given the standard hospital diet.
The ketogenic provocative test was conducted by the method of Colle and Ulstrom (1) . After an overnight fast, during which only water was allowed, the children were given a diet designed to provide 1,200 kcal daily per 1.73m2 of body surface area and consisting of 67% fat, 16% carbohydrate, and 17% protein. The diet was given in three equally divided portions at 8:00 a. m., 12:00 noon, and at 5:00 p. m.
Blood and urine specimens were collected at 0, 4, 8, 12, 16, 20, and 24hr. Blood was examined for glucose in terms of glucose oxidase with a Beckman Glucose Analyzer. The first (0hr) and last specimens were examined for serum amino acids with an amino acid analyzer (Japan Spectroscopic Co., Ltd. an JOEL JLC 6AH model). Urine was examined only for ketone body with Ketostix (Amen, Inc.).
RESULTS AND DISCUSSION
The results are given in Table 1 . All the 17 children developed ketonuria 12 and 16hr after beginning the ketogenic provocative test: none of them was hy poglycemic. Five children were hypoglycemic (blood glucose: less than 40mg/dl) on subsequent check-ups. All three children with clinical manifestations of pallor, lassitude, drowsiness and vomiting, which appeared to coincide with the develop ment of ketosis, were among these five hypoglycemics. None developed convulsions due to hypoglycemia. No predilection for sex or age was detected.
This finding agrees with a number of recent views (10) (11) (12) (13) (14) in that test results alone draw no sharp line between normal children and children with ketotic hypoglycemia, and that both ketotic hypoglycemia and cyclic vomiting syndrome fall in a single entity.
The children tested were divided into two groups of hypoglycemic (5 children) and non-hypoglycemic (12 children). Figure 1 analyzes them for constituent free amino acids. The amino acids assayed were classified into two major groups of branched-and nonbranched-chain compounds according to their metabolic path ways of behavioral patterns, since nonbranched-chain amino acids, comprising aspartate, threonine, serine, proline, glycine, alanine, methionine, tyrosine, phenyl alanine, glutamate and glutamine, by Haymond et al. (8) , have been shown to be potentially gluconeogenic. As this figure shows, the serum level of the sum of gluconeogenic amino acids in hypoglycemic children before the ketogenic pro vocative test was far lower than that in non-hypoglycemic children, but nearly equal between the two groups after completion of the test. In other words, the decrement of gluconeogenic amino acids in the hypoglycemic group during the test was far greater in the non-hypoglycemic group. Pagliara et al. (7) (8) (9) proposed that ketotic hypoglycemia involves depression of serum alanine-derived gluconeogenesis during energy deprivation. The present data on changes in serum alanine agreed essentially with their concept. The extremely low levels of serum gluconeogenic amino acids may be a cause of both ketosis and ketotic hypoglycemia in children.
The role of alanine deficiency, among other gluconeogenic amino acids, in hte development of children's hypoglycemia and ketosis has repeatedly been em phasized by Pagliara whose concept was based on experimental evidence from two independent investigators, Cahill (15) and Exton et al. (16) . Transhepatic catheteri zation study in humans by Cahill indicated that in excess of 50% of glucose derived from gluconeogenic amino acids is formed from alanine. Exton et al., in their in vitro perfusion study, showed clearly that decreased delivery of alanine might be a rate-limiting event for gluconeogenesis. Table 2 shows the serum levels of individual amino acids in our study. Markedly reduced amino acids were not only alanine, but included glutamine, glutamate and glycine. Branched-chain amino acids contrarily increased after the test. This finding convinced us that glutamine, glutamate and glycine, which have Table 2 .
Mean serum levels of amino acids in hypoglycemic and non-hypoglycemic children before and after ketogenic diet.
* Significant difference between hypoglycemic and non-hypoglycemic group (p<0.01).
been assigned to an unduly low position from the gluconeogenic standpoint, actually prevent ketosis and hypoglycemia. Increased elevation of branched-chain amino acids, which coincided with decreases in nonbranched-chain amino acids, has been accounted for by increased protein catabolism and/or accumulation due to decreased transformation in the liver (17) .
